OBJECTIVE: Congenital heart disease (CHD) is common in newborns with myelomeningocele. Echocardiography before neonatal back closure has been recommended. Its utility in the era of prenatal diagnosis is unclear. STUDY DESIGN: We reviewed all newborns with myelomeningocele evaluated by preoperative echocardiography at our institution over 11 years. RESULT: Seventy-six successive newborns were identified. Ninety-one percent were prenatally diagnosed with myelomeningocele. In all, 1% had critical, 12% critical or non-critical and 22% critical, non-critical or possible CHD. The single case of critical CHD was both prenatally diagnosed and clinically identifiable. CONCLUSION: The prevalence of CHD in newborns with myelomeningocele is increased compared with the general population; however, critical disease is uncommon. We propose preoperative echocardiography is unnecessary when the myelomeningocele is prenatally diagnosed, antenatal cardiac screening is complete and normal, and the newborn is clinically well.
INTRODUCTION
Congenital heart disease (CHD) and neural tube defects are two common major malformations linked to folate metabolism. 1 Two studies have reported the prevalence of CHD in those with myelomeningocele, a severe defect of neural tube closure resulting in an open spinal canal and dysfunction of the spinal cord and nerves, to be several-fold higher than the general population. Ritter et al. 2 retrospectively studied the perioperative echocardiograms for 105 neonates undergoing myelomeningocele repair in Utah. They reported a prevalence of 4.7% for critical CHD and 37% for all CHD. Kocak et al. 3 similarly reported a prevalence of 5.4% for critical CHD and 40.5% for all CHD in 37 infants with myelomeningocele treated in Turkey. Prompt recognition of critical CHD, defined as any cyanotic or ductal dependent lesion, in these newborns is essential as its presence may impact surgical planning and anesthetic management. In response to the first of these publications our institutional standard of care was modified to include a transthoracic echocardiogram before myelomeningocele repair. This echocardiogram is usually performed within the first few hours following delivery as back closure is typically performed within 48 h of birth.
Since the initial work by Ritter et al. in 1999, two important changes in practice have occurred, which prompted review of our institutional standard. Today, the majority of newborns with myelomeningocele are diagnosed prenatally and, as part of the standard midtrimester anatomic survey, views of the fetal heart are obtained per guidelines published by the American Institute of Ultrasound in Medicine in conjunction with the American College of Radiology and the American College of Obstetricians and Gynecologists. 4 Second, the American Heart Association guidelines on the use of antibiotics for subacute bacterial endocarditis prophylaxis were revised substantially in 2007. Antibiotic prophylaxis is no longer recommended for the majority of congenital lesions, including ventricular septal defects and isolated valve abnormalities. 5 The objective of this study was to evaluate the need for routine preoperative transthoracic echocardiogram in newborns with myelomeningocele in the era of near-universal prenatal cardiac screening.
METHODS
Under a research protocol approved by the Seattle Children's Hospital (SCH) Institutional Review Board, we performed a retrospective cohort study of all newborns with myelomeningocele repaired at SCH between 1 January 2000 and 31 December 2011 in whom a preoperative echocardiogram was obtained. SCH is a tertiary care center and the regional neurosurgical referral center for children from five states: Washington, Wyoming, Alaska, Montana and Idaho. Patients were identified for potential inclusion by assignment within the SCH administrative data set of either an International Classification of Diseases-9th edition-Clinical Modification code 741.xx (all patients with any form of spina bifida) or a Current Procedural Terminology code 63704 or 63706 for repair of myelomeningocele during any inpatient or outpatient visit. Myelomeningocele was defined as a non-skin covered spinal dysraphism in combination with a Chiari II malformation. The list was cross-referenced with an internal spina bifida program list to ensure all patients were identified and included. The composite list was reviewed and all patients with forms of spina bifida other than myelomeningocele were excluded.
Patient and maternal demographic information (maternal age, race/ ethnicity and gender), gestational age at birth, birth weight, myelomeningocele location, the presence of additional malformations not typically associated with myelomeningocele (for example, equinovarus malformation, spine defects and Chiari II malformation were not considered additional malformations) and genetic testing results were obtained from the electronic medical record. Preoperative clinical documentation, including the admission note and any consult notes, was reviewed for any clinical findings suggestive of CHD (for example, cyanosis, murmur, 1 abnormal pulses, persistent tachycardia, tachypnea or respiratory distress and/or oxygen requirement).
Echocardiogram reports were obtained from the electronic medical record, reviewed and findings categorized as critical CHD, non-critical CHD, possible CHD or normal. Critical CHD was defined as any cyanotic or ductal dependent lesion. Noncritical CHD was defined as any lesion requiring follow-up but unlikely to be hemodynamically significant within the first few days after birth or impact anesthetic management. Examples include atrial and ventricular septal defects and mild valve stenosis. A single cardiologist (AHS) reviewed the archived images (digital or VHS tape if performed before 2007) for any report considered indeterminate. An atrial shunt with a tangential trajectory relative to the atrial septum on color flow and no deficiency of septum primum on two-dimensional imaging was classified as a patent foramen ovale. An atrial shunt was classified as secundum atrial septal defect if deficiency of septum primum on two-dimensional imaging and a perpendicular trajectory of flow relative to the atrial septum on color flow were present. If the shunt remained ambiguous after review, then it was classified as possible CHD. Patency of the foramen ovale or ductus arteriosus was considered as normal for age. The prevalence of critical CHD, all CHD (critical+non-critical) and all possible CHD (critical+non-critical+possible) was calculated.
Prenatal imaging results were obtained from the newborn or maternal medical record if prenatal counseling occurred as part of the Seattle Children's Prenatal Diagnosis and Treatment Program. In utero cardiac screening was considered complete if the four chamber and both outflow tract views were documented. Study type (for example, midtrimester anatomic survey or fetal echocardiogram) was not distinguished.
RESULTS
We identified 79 newborns with myelomeningocele who underwent back closure at our institution between 1 January 2000 and 31 December 2011. We excluded three who did not have a transthoracic echocardiogram before back closure, leaving 76 (96%) for further investigation ( Table 1) . The mean ± s.d. gestational age and weight at birth were 37 ± 2 weeks and 2.95 ± 0.55 kg, respectively. The study cohort reflected the expected distribution of lesion levels. Ten (13%) of the children had other congenital anomalies not typically associated with myelomeningocele, and one had a chromosomal abnormality. All back closures were performed within 48 h of birth, and the average length of stay was 18 days (data not shown).
Seventy-one (93%) newborns appeared clinically well with no documentation of tachycardia, tachypnea, murmur, cyanosis or hemodynamic instability ( Table 1 ). Four of the five with an abnormal clinical exam were noted to have a murmur on admission to the neonatal intensive care unit with no other signs or symptoms suggestive of CHD. Two of these four were subsequently diagnosed with non-critical CHD (both ventricular septal defects). The one with a prenatal diagnosis of hypoplastic left heart syndrome was noted to be cyanotic though did not have a murmur on admission. The sensitivity of routine clinical exam to identify CHD in children with myelomeningocele was 33% and specificity was 97% ( Table 2) .
The preoperative echocardiogram identified or confirmed the presence of CHD in nine newborns (Table 3) . One newborn prenatally diagnosed with hypoplastic left heart syndrome was confirmed to have critical CHD (prevalence = 1%) and an additional 8 were diagnosed with non-critical CHD (prevalence of CHD including both critical and non-critical = 12%). Eight newborns had ambiguous atrial level shunts after image review. In total, the prevalence of possible CHD (critical+non-critical+possible) was 22%. Transient ventricular dysfunction was identified in one additional patient. CHD was identified in three of the ten newborns (30%) with an additional congenital malformation, but only six of the sixty-six (9%) without other malformations.
Several consequences of the routine performance of a preoperative echocardiogram were observed. Twelve (16%) preoperative echocardiogram reports identified positioning of the infant to protect the myelomeningocele as a limitation to the study quality or completeness. Nearly all preoperative echocardiograms (72/76 = 95%) identified transitional phenomena (patent ductus arteriosus, patent foramen ovale or both). Twelve neonates (12/67 = 18%) were serially evaluated by echocardiography despite an absence of CHD. Eleven (92%) of these studies were requested to follow-up on transitional phenomena and one subclinical ventricular dysfunction present on the preoperative echocardiogram. All serial evaluations were normal.
The overwhelming majority of newborns admitted with myelomeningocele were diagnosed prenatally (69/76 = 91%) ( Table 1 ). Of the seven newborn diagnoses, three mothers reported no prenatal care or declined both serum and anatomic ultrasound screens, and four reported standard prenatal care including a mid-trimester anatomic survey. Antenatal cardiac imaging results were available in 77% (53/69) of those prenatally diagnosed with myelomeningocele. Two results were considered as incomplete, as minimum cardiac screening requirements were not met in the documentation. Critical CHD was diagnosed prenatally in the one fetus with hypoplastic left heart syndrome. In utero cardiac screening did not identify many of the atrial or ventricular septal defects (sensitivity 14%) ( Table 4 ).
DISCUSSION
Routine transthoracic echocardiogram screening has been recommended for all newborns with myelomeningocele; however, the optimal timing of the echocardiogram has not been specified. 2, 3 At our institution, performance of a preoperative echocardiogram was incorporated into the routine standard of care for those with myelomeningocele. The utility of this approach has not been evaluated in the current era when the overwhelming majority of newborns with myelomeningocele are diagnosed prenatally (in our cohort over 90%), and screened for CHD in utero. 4 In our retrospective review, the results of antenatal cardiac screening were available in the electronic medical record in 77%. In utero cardiac imaging has been shown to reliably detect critical CHD. 6, 7 The sole critical lesion in our cohort was detected prenatally and documentation was readily available to the postnatal care providers in the electronic medical record. With knowledge of normal in utero cardiovascular physiology, our low sensitivity of prenatal cardiac imaging for detecting noncritical CHD is not surprising. An unrestrictive atrial level shunt limits the in utero diagnosis of most atrial septal defects and patency of the ductus arteriosus limits the in utero diagnosis of many small ventricular septal defects secondary to pressure equilibration between the ventricles.
Routine preoperative transthoracic echocardiogram was highly effective for identifying all forms of CHD, both critical and non-critical in our cohort. CHD was identified in 9/76 (12%) and the possibility of CHD was raised in another 8/76 (11%). All total, the possibility of CHD was raised in nearly one-quarter of newborns during the preoperative echocardiogram. This multifold higher prevalence of CHD in newborns with myelomeningocele, in comparison with the general newborn population which has a prevalence of 0.8%, is consistent with, though lower than, previous reports. 2, 3, 8 Importantly, critical CHD was uncommon and statistically comparable to prior reports (point estimates range from 1.3 to 5.4%, P = 0.4).
Transitional phenomena were identified in nearly all newborns when screening was performed in the preoperative time period. Furthermore, obligate decubitus positioning to protect the back in the preoperative patient resulted in suboptimal imaging in 16% and repeat evaluations were performed in nearly 20% of our cohort to follow-up on indeterminate or incomplete findings despite structurally normal hearts. We theorize that many of these serial evaluations could have been avoided if the screening echocardiogram had been delayed until appropriate positioning for a complete study was possible and transitional phenomena have typically resolved.
The newborn examination provides another opportunity to identify CHD. Although the physical examination alone is limited in its ability to identify all forms of CHD, the physical examination combined with pulse oximetry is highly sensitive, with two studies reporting sensitivities of 82.8 and 93.2%, for detecting critical CHD. 9, 10 In our cohort, the single newborn with critical CHD, in addition to carrying a prenatal diagnosis, was visibly cyanotic and hypoxemia was confirmed with pulse oximetry.
In summary, patients with myelomeningocele appear to have an increased prevalence of CHD; however, critical CHD is rare and can reliably be diagnosed in utero when prenatal cardiac screening is performed and complete. Increasingly children's hospital associated multidisciplinary teams provide antenatal consultation when a congenital malformation is identified in utero and documentation is readily available to the postnatal care providers in the electronic medical record. We propose that routine preoperative echocardiography is unnecessary if the myelomeningocele was prenatally diagnosed, documentation of normal in utero screening cardiac views, including a four-chamber and both outflow tracts, is available, and the newborn is clinically well including normal pulse oximetry. Conversely, if the myelomeningocele is postnatally diagnosed or documentation of normal in utero screening cardiac views is not available, a transthoracic echocardiogram should continue to be performed before myelomeningocele repair. Accepting the limitations of antenatal cardiac diagnosis and the increased prevalence of noncritical CHD in those with myelomeningocele, we support the performance of a transthoracic echocardiogram in all newborns with myelomeningocele; however, recommend delaying this examination until after back closure. This approach aims to identify critical lesions likely to impact patient management, while supporting fully integrated, comprehensive, and cost-conscious patient care. Arguably, in those with a normal in utero screen and a normal neonatal physical examination, a postnatal echocardiogram could be excessive, however in our cohort and both previous reports, there appears to be an increased incidence of atrial septal defects in those with myelomeningocele. Atrial septal defects, even when clinically significant in size, are unlikely to be prenatally identified and furthermore are unlikely to be accompanied in the newborn time period by either a murmur or fixed splitting of the second heart sound. 11 Looking to the future, the most recent guidelines (2013) endorsed by the American Institute for Ultrasound Medicine, the American College of Obstetrics and Gynecology, and the Society of Maternal Fetal Medicine recommend a fetal echocardiogram be performed in all fetuses with an identified extra-cardiac anomaly. 12 Implementation of this recommendation will lead to a Abbreviation: CHD, congenital heart disease. a One child had a ventricular septal defect and double aortic arch and is counted once in the total with CHD but twice in lesion specific tally. b Ambiguous atrial level shunt.
comprehensive in utero cardiac evaluation far exceeding the minimum accepted in this study.
